
PHOTOGRAPH THIS SHEET

j i m LEVEL INVENTORY

~ ~ ~ ~ ~~T 11' :T) ' "/77-71
0

Approved for public release; I
I | Distribution Unlimited

DISTRIBUTION STATEMENT

ACCESSION FOR
NTIS GRA&Iuri TAI D DD C
UNANNOUNCEDQ

JUSTIFICATION

, UULL 3u u L U
BYD
DISTRIBUTION /

AVAILABILITY CODES
DIs" AVAIL AND/OR SPECIAL DATE ACCESSIONED

DISTRIBUTION STAMP

79 12 4 070
DATE RECEIVED IN DTIC

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDA-2

D FORM DOCUMENT PROCESSING SHEET
SDTIC OCT 79 70A

LE _ _ _ _... .



II FTD-ID (Rs )T-1177-79

IFOREIGN TECHNOLOGY DIVISION

EXPERIMENTAL RESEARCH ON ARTIFICIALLY TRIGGERED LIGHTNING

By

IISya Yu-ren, Syau Ching-sya, et al

Approved for public release;



F77
FTD -ID(2)-117-79

EDITED TRANSLATION

FTD-ID(RS)T-1I77-79 28 September 1979

MICROFICHE NR:

EXPERIMENTAL RESEARCH ON ARTIFICIALLY TRIGGERED LIGHTNING

By: Sya Yu-ren, Syau Ching-sya, et al

English pages: 7

Source: Scientia Atmospherica Sinica, Vol. 3,
Nr. 1, 1979, pp. 94-97

Country of Origin: China
Translated by: SCITRAN

F33657-78-D-0619
Requester: FTD/WE
Approved for public release; distribution unlimited.

I2

r THIS TRANSLATION IS A RENDITION OF THE ORIGI.
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY:
ADVOCATED OR IMPLIED ARE THOSE OF THE SOURCE

IV AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION
OR OPINION OF THE FOREIGN TECHNOLOGY DI. FOREIGN TECHNOLOGY DIVISIONi VISION. WP.AFB OHIO.

FTD -ID(RS)T-1177-79 Date 28 Sep19 79

y~~Dt 28__________ _79



- ApINOSF1ThRIC SCIEICE7 Vol 3 1-oI

-SCIFTm.T Akvj4OSPITERICA. SINIGA IMrch- 1-979

MCB-P915L RE STMACH 071 AR YiPIOUlLLY IMCIG ED LIGHMifl'G

Sya Yu-ren Syau Ching-sya Lyu Yimig-jen

(Acade.my of Sciences of China ian-JTou C-au-Yuazi Atmospheric Ihysics Cente)

ILiehtnixig is an 'umusually imn5!essive type of natural phenomenon; the calanitiL6 cieated
Ii to everyone; because of this, ligntning res --rchi from anbie _t

timnes onj has been a princiral point of attention among scientific workers in China and abroad

A t -pesent, there is already data observing and measuring the capability of electric cur~dts

in lightninC- to reach several t7ens of thousands and evan several hundreds of thousands of

amperest~1 t the same time -producing huge aounts of power in the twfinkling of an eye; the

high temperatures produced by -lghtn:ig can, on an average, reach from six t],ousand to

thirty thousand degrees or jnore~ ) the pressure of a lightning shock wave can r6 -ch
(3)

two himdred atmos-oheres L .ightning can also produce ozone and manufacture nitr6~ fe r-
(4).e~ it can make plasma bodies; lightning is even able to produce neut',rmsnw .e

*b~hning and convection cloud precipitation also have an extremely close velationishiP(,

therefore, researdh into lightning and its uses has an extremely bright f utuxe. Howe1vdri

-concerning nat u-.al lightning, people have nqo vray to predict beforehand at what time and wihat

place lightning aill occur; because of this, there is still a shortage of systematid& and

careful researTch into the organic substances liglxtning is canable of noroducing, some physical

chemistry p-rocesses, etc. Artificially triggered lightning is mne important method res-

earching and utilizing li&htning.
From FrAnklin on, people have res -arched var~ious types of methods thinkibg to attract

lightning; however, because nunkar!ous accidents occurred, this ty-se of research was brobkenf off in the middle to some degree. Thie modernizedl technique of artificially t-,iggered.
lightning, according to the Frenchmnan THbert (,begins w-ith, the American Yewman* In rc -

years, the United States, in order to protect spaceciraft and aircraft as well as communica-_

ticns transmissions, has done research from tineory to field testing on artificial triggered-

f lightning. France's Thulear BTera- Comittee and the FmenA, Electrical nstrt= entu CompanytJ ~ because of the problem of protecting high t'-ensicn lines; etc., also successfully C~ii~'ied out

tests of artificially triggered lig'htlning in 1973.,o (8 W'hen we received thc in§sricon, hichI

Received 6 April 1978
*Others who narticinpate ji this wiork are: I'wo Shr-mizn, 11wang fle-feng, An Sywe-min, -Rdn-

Di~ug-sheng,. 14an% flzai-ming and other comrade9s. Dring experimentation into rocket ali &Pn

ment, 'Comra~es Dwi~a Chang-ming and Hivng I'eng-rung rendered assistance,
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the masses cf Yunnan Province had observed,, that, wh~i lightning changes from -hori A t'to

vertical, hailstones disappear, we then, takcing seVeral obsere fts abot +theeatotbetween lightning and precipitation as a basis, carried out initial theoretical discuss ions
concenming the capability of cloud-to-ground lightning to elim:ia-e haill ;ro.-qi ihq that

the use of artificially triggered lightning could answer the objectives of elimiina-tlig

hail and artificially controlling precipitatior. T1his being sop we launched exi*rim J. tion-

I into artificially triggered lightning in 1977.

1.* Princinoles and 14ethods of Artificially Triggered Lightning

11atu:ally, lightning is a tyre of electrical discharge phenomenon in the atmodielre,

and must produce the specific electri-. field streng-th required for electrical discharge
penomena, for example, under one atmosphere nressure, the discharge value for dryf~f is

30,000 volts/cm. In the same way, the fo 'aion of natural lioi-ining also reayires Ah

-adequate accumnulated charge in the thunderheais, moreover, there must be a sqpecifid elda-

tric field value. Inside thundexrheads or r-ainclouds with strong - lectic fields, wdhen the

value for the foraation of natmial lijitning 1has not teen reached, if, it is possitil. to

I artificiallyt increase the electric feld to the critical value for -the formation of 1ihtnin, I-
then, it is possible to reach the objective of trigoered lisbtning.

* In that case, what method is there to artificially increase thlectri field? ENOer"

one kenows that, ac-cording to lasemirs calculations~g), the American Apollo rockntdo when
flying thirour-h clouds, have point electric fields incrzased 345- times over the original elec-

t±-i afield in the clouds. Therefore, after the ALpollo 12 spacecraft fentered a. raincloud

hving an electric field with a level of only 100 volts/cm, it then succesrzively trciggered two-
lightning flashes; this i s what is known as "Th"e Apo-llo 12 Lightning Inc-ident.' t 1h accor&i

-~ande' with the theory, of Frenkell (otePoint electric fields of long, thinIeaxthin- conductors is increased even more strongly. Iabratory e-xoeriinents also cbxfi 7nmed
that thin cond-tctors that are moving canlz trigger electrical discharges even more 66isily
than can thin, stationary conductors. Because of this, if, under thunderhead conditions,

tere were a thin earthing conductCor suddenly fired toward the clouds, the strong pon

electric field of the thin conductor at this time would makce it very easy .o cause the airJto Oye rise to artificially triggered lightning produced by the panetration of the conducto-1 Thereorn lteho the American or French techeiques for causing thunder are modenizedA
j their basic method still will be to t-igEger ligh1-t-ning by firing a 0.2m dinatber grounded

thin steel wire of sever:al himdred meters in laigth carried by a rocket toward cahm ?d vhder
(7)8)10

himderheaA con(i)i(10)
t coditins~Fr4
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2.The T~chniical Impolemntation -of Artificially Triggered Lishning

Out artiticially triggered lightning technology is also- of 4-~ m-that tigr ihnn

by firing a th.in, groinded conductor of several hundred- meters length behind V oc-ke6t -ito

S thirder clouds. The differences between it arA the Aerican and Freach methods are thtall

rocket ana line equilpmet is very simple, froreover, due to the emnployment. of idemote -cofitrol

ignition, we saved having complicated safety facilities3, which facilitates its pop4lriato
S aiid spread.FRocklet: The one we used was a small iLpe 40 rocket used to prevent hail; "0i -to the

lighitning speed 'cf flight of small rockets, it was possible to exceed the speed of souid;:

becau~se of ids, the conducter line was constantly pulled out to a distance of less -thai.

100m and then broke; later, we epoloyed weighted rocket nose cones to slow downi the §_Deed

offihadveotiedrltvl0eos.l results and solved the bro-blem of the-E easy breaking of the conductor line.
Conductor lIne and its Instaillation: The outside diameter of the conductor line carried:& K by the rocket is 0.5--m; its core is cop-:er wire, and the outside of it is wrapped -in nyAlon

fiamnt t -ecase its tensile str-ength. A 500-1000m length of conductor line iled

on to a dowel uith a diameter of 15cm. 'Jqen the rocket is la-unched, take the line dowel with

the condAuc tor line alred,- wvxid onto it and put i t in a position 1m fromr the gqantittr; -use

steel nails to f-h:ten the center of the line dowel to the ground in order to avoid dislacinig

or rolling the line dowel being pulled on and breaking the line. The end of the line under

S the line dowel and the gr'olm-d line are t-onnected (thre ground U3 a do-p-er plate buiried: .approx-

La~tely 1m deep in the ground) the other end of the steel wire is festened to th od f_ the

rocket (the object of using the steel wire is to prevent the highi temperature gases expoelled

by the rocket from bu~ning the thin ccnductor line ihii two).

limition: 1)ue to the fact that, after the lightning is triggered, i~t will flow along

_ the conductor line to the 7roand, 7-eople must not be in an area 101n around the rocket IMuach
_ (12)

cantxz? in order to pDrotect their safety. Conc'-_ing rocket iignition, we employed remote
control tLechnologv to do the manipulations from a long distane away; the reotcoto

~ isane f hereot c toldvice was 1I h; this was adequate for use as far as we are
disconceoed.mtec-told

Choice of Circunst-nces for I.-ition: Th'-e circumstances for ignition of the rocket are

v ver--:y important to the tri,-erng of lighting; to determine what tnL7e is 'nost certain to

bring a suc,c czf u- triggering of the li ghtning one m=ist consider v-hether or not the TMai

j clouz masc has closely approached am]. nassed through the triEgering point. At thri -same time,

one must use eleL-'ric ri eld instruments n1d li &_tning calculator-- to carry out obsera~tios,

~ ii accoidin:- tthexeiceotIe T'-'- cn~~d ourselves, when one-olserves a gro_*d: electric 2Tfield strength gre-ter than 20?I vol ts/cmt carying out rocket operations, it is-~ltvl

easy to obtain success in triggering li ghtning&.ee Fig 1)

AM3

-4 __ __ _
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~Fig 1 Observattion Reeonrd of Artificially rimggered "Lightaing and Ground Sixitfde

Blecti-ical Field for 19 Setebr17

t3, The Status of 2-cne3 n-itaticn on Artificially Triggered Lioting

I -be location of our exiperkur.-ts wnas on a moun-itain top in the mountainous regi~iof sii~.b

produce clovdrs; there are also three ti.unerstomin tmecks crossing this area. Th- aer

P. number of thixrider_,torm days each year is ajnmrodxnatelY 329 m4oreover 9 some thiniddett d-
even have three insteos of Cb cloud develo ntpoesses. If the nibro b et~

is large, ol~iously it is an adventageous c m-, in for Prneimentt on caubig e.



- Besides, the vizual fiel-. of our experimental location was veiy wie, usng the nake eye- one

S -could see clouds more than several tens of kilometers a, this was etremely adIe t&eous
-0 _Ic p o rblt6
V o= the early discovery of thunderstoxs and the conse uent comyletion of urenartions for

" fa-i the rocket. Now we will take the circumstances of several instances 6f artificial

'~triegering of lighitning and introduce them semrateli as follows:
I. Circutences of Eri ered LighAing on 19 September 1977

On "19 September at 17(>3 hours x~pim ely, straight north of the experim tal 2oatin

£ - there was O cloud develotent* at 1739 hours the sound of thunder was hea'd; the main

cloud mass reached the riz&:erin point at about 1800 hours; at this time, the obserVed

earth surface electric field had aleady reached -200 volts/cm- we began operatRis -to
L carry oat triggering the lighI'_ng. At 1943 hours, whe the rocket pulled out auoimately

- 0m of conductor line, lightning was triggered; electric field inst ets recorded i

this instance an electric field change from -200 volts/cm to 4,06 volt§/cm (Fig i). the
oath of the lightnIng in this instane was avoroxi-ately 300m lng; it travele tight
from air to earth; the tor rortion was forked; the math of the lighting was widend

L bright; the somd of the thunder was Just e fierce as that of lightning sent t6 earth by.

natural clouds. At the oser_vtion station apnroximately 300m from the triggering p6int, =

we used 1201 amexas to hotog-raph this occurn.n-ce of lig-tningZ (see Fig 2). From th6 pictute
one can see a sk_=i-ht and -ide lumLnous !ine; tdis is the conductor lihe emittinglit

as it buaned when the li-gtning current -mssed tarough it; the other t-io bent, i ous,

thvin lines are -wo instances of the back--flash process.

2. Circum stances of Two 0ther Li~pnn i is TrigSee7-enGs

On 17 September at 1 5 hours and 10 seconds, the first instnce sf tip red !ightn.ogt
was a success: teL electric field changed from -i400 volts/cm to -200 volts/cm; the path

Sof the lightning was apprimately 50m lcng; the top rortion was briiht and wide; the

bottom portion was dim and narrw-kultan3ojsly, we heard a souid like a firecracker ex-

E ploding.

On 19 Ceptember at 1806 hours and 35 seconds, there was an occurance of triggered iigh-
tning; the change in electric field waz not great (from -30 volts/cm to -4 volts/cm); the

-oath of the lighining was anoroxiately 200m long; moreover, cncisinifig the s!arks which
Swere produced after the c niuctor line was bumned in two by the lightding cur-ret, these

. made a "pi pi uai pa-i" scund, floated in the air for av' half a second and went outo
hin the~e few successful artificial trigbrings of lightning, not only did we see

!i&.-.nE flash, hear the soura of thunder, record clnnges in the elec-tric field and' take

Vnotot"abs; moreover, it was also possible to see the traces made by the !igh4ng current
as it pDenetrated the conductor line which was not Fulled off the line dowel. Me co ductor

ME line w'.ich the rocket pulled out was bunnie to bits by Vne lightning cur_t; the Couor

it line on the line dowel and Pronded co,-uctor line contact undervent the mhenommaon 6f b'eing A

5Z
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3, The Circum.,§tnces of Hail and Preci-bitation after Lightning Triggering

After triggering the lightning, we observed. whether it was capable of producinga
* precipitation "dmbing" -che-norenoin in the same way natural lightning is, enid wth in aC fe w

seconds after the lightning was triggered, without oueaticn, both hail a-d lroii nt
were §ddenl,) increased. For example, on 17 Se-otember, be'ore the lightning was trged

-the size of the hail, was only 3-4m; moreover, it wams kalIling very spirsdly; hbrq~r
after the lightning was triggered, the size of the hail was 5-6mm; moreover, it vi~ -filing9
relatively heavily. To cite another example, on 19 September at 1943 hours lightili was0
triggered; it was raining lightly before the lightninge; it was raining heavily after the

lihnn.Cancernim'- th1-is type .of ability of artificially tripgered lienhhin g to produce
a precipitation "dumning" pihe-nomenonVCt is certainly -the basis for our using it to eo-eed

with artificial preciniutation and defense against hail; the rationale for this can be Ee
in ) The circumstances of the hailstorm of 17 Sentember were that the area aboveth
triggering point h9A heavy hail, the station itsefhdlgthi,~dteae a~ it

eicoeriencee' slight- amounts of haill or none at all. Because of the lack of ex-act scientific
data, we cannot assert that this is the result cf artificially triggered iightnIa&, hbtiep:,[ us~nZ artificially triggered ligtn5"- to proceed with thecretical research 6.nd eigp:Uti.ticn
into artificial.-nracipita-,tizn and l~eCense aga'inst hail is most certainly a problefi worthy
of study hereafter.

Concernint' experimentain in to axtificiDally trigjered lightning, for research in t and
the utilization of lightning, including the asnects of artificial control of lightnin g, art-

ificial preciitation and -particularly c'efense against ha,:-I wv.e havc,, provrided one pbdctive
Dath for research. Besides this, our .rork can also offer a new ty-eo e~roo ~

Ethe -orotection of atomic energy anid high-tension lines, etc. Although the utilization
= j of lightning inside Chi-na end abroad is still in its initial stage, its future is still

ahead of it; we firmly believe that the day will1 certainly cone when lightning will obtain

broad utilization for mankind. -
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